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�O��Ç �-È¡°;e&È5�5° � «wWH��zd���tVX��x2zd��|�|tVXx�WY]Hv~}���v~�����d{s���tV\Z4�����fWH�t]���Z?zn���d]�Z4�d���d]3xQe
T�VXx�WY]Hv~}���v~��� È5�5° � «wW3��zd����VX� È5�5° � «wW3��zd����VX�RT�VXx�WY]3v~}���vy��� É���v~��x
µ7v~]Hx���WY]��fx���zd� Ç ]3zn�d��zd�t���yV _Fvy|�z�ÊËZ®^X¦ �����y� |tVQ�d]3VQV
� zn[¢�~V u �d]3v~£Q���b��zd�RÉ�}¢x���]�VXzdZ�¥�^ _Fvy|�z�ÊËZ®^YÌ �����~¥�^ Z?Z
� zn[¢�~V u �d]3v~£Q���b��zd�RT��`����x���]�VXzdZÍ¥t± _Fvy|�z�ÊËZ®^X¶ �����~¥t± Z?Z
� zn[¢�~V,��VXv~���p��£�^ _Fvy|�z�ÊËZ®^XÎ �����y£�^ Z?Z
� zn[¢�~V,��VXv~���p��£`± _Fvy|�z�ÊËZ®^`_ �����y£`± Z?Z
� zn[¢�~V,��VXv~���p��£`¦ _Fvy|�z�ÊËZ®^XÏ �����y£`¦ Z?Z
«�VXWY����|%WY]���x���zd�RWH��v _Fvy|�z�±fÊËZ�¦�^ }/W3��v x���VQ}ÐS7¯�eÑ¦4Ò/]3zd|·g
«�VXWY����|%WY]���x���zd�/���tVQ��z _Fvy|�z�±fÊËZ�¦d± }���� x���VQ}ÐS7¯�eÑ¦4Ò/]3zd|·g
«�VXWY����|%WY]���x���zd�/���tVQ��z _¼°ÓT u�u �s� }¢v~VQ£Q� ¯ � ^Q¯�§Ô��vy³dVXx2¯ � ¦n¯d¯�Ò/]Hzd|

¸�Õ�:=EªEHÕ�Ö�@�×�Ø�ÙODÛÚ	¾�Ö¢Ö¢ØÜ:=Gt»Y9HÖBØ·@�<¼»;:=Ö�GÜACÖ�9ÐÚfGt¹�Ö�G�DÛG�D¼DFØ�:�G�¾$»YÖÝÚf×�:=¾�GÞ»YÕ�Dàß¡á\Ã�¸�¸�â3ã�Ã�¸
ä Ö�G�Ö¢<QÕ�9;Ö ä Úb»;Ö�9Fåæ¸�Õ·D ä Ö�G�Ö¢<QÕ�9HÖ ä Úp»YÖ�9¬:�E�ÚàÄ�8�Æ·Æ·¿�ãç»�¹¢º-D ä Ö�G�Ö¢<QÕ�9HÖ ä Úp»YÖ�9¼è\é,:�»YÕÞÚëê·ìBDFØ
ítî ä®ä ÖbïsEHD¼»�ð ÂFñ å2¸�Õ�D�»�é�Ö®<F9H¹¢E3»QÚf×�E,Úf9;D?Æ¢:2ò Â�ÂfÂ�ó è/ÚbG�Ø¬»YÕ�D49;ÚfG�¾�D4ÖbA©ÖfºOD¼9YÚb»;:=Ö�Gô:�E î »YÖ®ÚfÙ-Ö�@·»�õ�ö
Ø�D¼¾�9;D¼DFEFåK÷�@�9�ß¡á\Ã�¸�¸�â3ã�Ã�¸øá\:=¾�Õ�á\DnÚb»�Å�ÖtÚfØ²ßkÖfG�Ök:�E ä Öb»YÖ�9H:=ùFD¼ØÐé,:�»;Õ�ú ä Öf»YÖf9;EFè7û�E3»YD¼º�ºOD¼9
ä Öf»YÖ�9HE,ÚfG�Økü�º�:=<¼Ö ä Öb»YÖ�9HEFå�¸�Õ�D?G/Ú ä D?ÚfG·Ø¡82ý�þ3ã�Æÿ<QÕ/ÚbG�G�DF×�E�Úb9;D4E;Õ·Ö�é,Gk:=G�¸©ÚfÙ�×=D4þQå
¸�Õ�D�ê/9HEH»�<¼9H¹¢EH»YÚf×s:�E�Õ�Ö�@·E;DFØ�:�G�E;:�Ø�D�Ú��½á\À�<QÕ�Ú ä Ù-DF9¨ÚbG�Ø¬»YÕ�D�ÙODFÚ ä ÚfG�¾�×�D�ÖfA�:�G�<F:�Ø�DFG�<¼D�:=E�E;D`»

Ùt¹kÚ��bÚf<¼@�@ ä º�9HDFº/Úf9HDFØªá\@�Ù-DF9\<F:=9H<F×�DòCÕ�Õ�×�» ó å&¸�Õ�D�E;DF<¼Ö�G�ØÐ<¼9H¹¢EH»YÚf×�:=E ä Öf@�Gt»YDFØÿÖ�G¡Ú%»;9YÚfG�EH×UÚb»;:=Ö�G
EH¹¢E3»YD ä é,Õ�:�<QÕ ä Úf:�G�»YÚf:=G·E�Ú%êBì·D¼Ø¡DXì·:�»,ÙODFÚ ä ÖfïOE;D`»�ð ÂFñ å2¸�Õ�D?E;DF<¼Ö�G�ØÐ<¼9H¹¢EH»YÚf×�ÚfG�¾f×=DFE,ÖfA©:=G·<F:=Ø·DFG�<¼D
<QÕ�:�ò º-<QÕ�: ó ÚfG�Ø�»;Õ�D¼»YÚ�ò º·»;Õ ó <FÚfGëÙ-DôÚfØ��H@·EH»YD¼Øëé,:�»;Õ²»�é�Öªº�:=<¼Ö ä Öb»YÖ�9HEFå�¸�Õ�DFEHD ä Öb»YÖ�9HEwÚf9HD¾�Ö¢Ö¢Ø
ACÖ�9�»�é�DnÚ���:�G�¾�è�Ù�@·»�<nÚbG�G�Öf»�Ù-D�E;<nÚbG�G�DFØ²9;D¼º�9;Ö¢Ø�@�<¼:=Ù�×�¹�å%ý©ÖfE;:�»;:��fD�EH»YD¼º�E�:=G�ºO<QÕ·: ä Ö	��D¼E4»YÕ�D%Ù-DnÚ ä

������
������ å
Ã�G0DF×�DF<`»Y9;ÖfEH»Y9H:=<`»Y:��fDÔ»Y9;ÚfG�EHØ�@�<FD¼9Þò�ßk¸ Âdî â��,À"Ã\ã ó è�Ø�9;:���DFGøÙt¹æÚfG ßÐã&â Â öÜ<¼Ö�Gt»Y9HÖ�×=×�DF9²AC9HÖ ä

� @�DFD¼G�E;¾�Úb»YD\Úf×�×=Ödé,E�ACÖ�9�E ä Úf×�×B»�é�DnÚ���E�ÖfAR»YÕ�D,E;D¼<FÖ�G·ØK<¼9H¹¢EH»YÚf×-ÚfG�¾�×�D�ÚfG�Ø%<nÚbGKÙ-D�@�E;D¼ØKACÖ�9�ACD¼DFØ�Ù�Úf<��Rå
¸�Õ�:�E4º�9;Ö¢<FD¼E;E��fÚb9;:UÚbÙ�×=D�:=E��bþ�> á½á�Å5ß º�:�DFùFÖôACÖ�9�»;Õ�D�Ø�9H:���D®ý�À ÚfG�Ø��bþ�> á½á�Å5ß º�:�DFùFÖ ¿½Ä�À*ÚbE
»YÕ·Dw9;DFÚfØ�Ù/Úb<����bÚf×=@·Dfå! ":=¾�å Â EHÕ�Ödé,E�»YÕ·Dw»Y:�×�»\ÖfA�»;Õ�D�E;D¼<FÖ�G·Øª<F9H¹¢E3»QÚf×"ÚfE4Ú®AC@·G�<¼»;:=Ö�GÐÖbA�»YÕ�D"��Ö�×�»QÚf¾�D
Úfº�º·×=:=D¼ØàÖfG »;Õ�DÐß¡ã&â Â ö�:=G�º�@B»Ðò ý�À @�G·:�»YEKÚf9HDÿ:�G À2Öf×�»YE ó åà¸�Õ�D¡<FÚf×=:�Ù�9YÚb»;:=Ö�Gëé�ÚfE®Ø�Ö�G�Dÿ@�EH:=G�¾�Ú
»Y:�×�»;E;DFG·E;Ö�9�º�×=Úf<FD¼Ø�Ö�Gÿ»;Õ�D?E;D¼<FÖ�G�Øk<F93¹BE3»QÚf× å
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µs°�,�e·^ne¨� � ^X¶ � É&§ �&� WQzd��v~[�]3zn��v~����WQ�t]3³dVde

HHLZ1

HHLX2

HHLZ2

HHLZ3

27"

32"

X-ray beam

14"

16"

HHLX1

µs°-,�e�±fe � �d}%³�v~VQ�Û�d{7���tV,Z4�����fWH�t]���Z?zn���d]���zn[¢�~Vde

¸�Õ�D.�bÚf<F@�@ ä <QÕ/Ú ä Ù-DF9�Õ·Ö�@�E;:�G�¾ª»YÕ�D¬»�é�Ö�<F9H¹¢E3»QÚf×�E�<nÚfGÛÙ-D ä Ö	��D¼Ø Ùt¹ëê���D�EH»;DFº�º-DF9 ä Öf»YÖ�9HEFå
 ":�¾�å¨ü�EHÕ�Ödé,E¬»YÕ�D ä Ö�G�Ö¢<QÕ�9HÖ ä Úp»YÖ�9%»QÚfÙ·×=Dfå�¸�Õ�9HDFD/�fDF9H»;:=<FÚf×½»;9YÚfG�EH×UÚb»;:=Ö�GÔEH»QÚb¾�DFE�òCÕ�Õ�×=ù Â è,Õ�Õ�×�ùdüBè
Õ�Õ�×�ù ító <FÚfG ä Ö	��Dô»;Õ�D�<F9H¹¢E3»QÚf×,:=G ÚfGÛÖ�@B»KÖbA½»;Õ�D�ÙODFÚ ä åÛ>�@·9;:=G·¾Ðé,Õ�:�»;DÿÙ-DnÚ ä Ö�º-DF9YÚp»Y:=ÖfG�EFè�»YÕ·D
<QÕ/Ú ä ÙOD¼9�:�E�×=Ödé�D¼9;D¼ØK»�¹¢º�:=<FÚf×=×�¹�Ùt¹%õ äKä »;Ö�º�ÚfE;E&ÙODFÚ ä ÚfG·ØK»YÕ·D,ê�9;EH»�<F93¹¢EH»QÚb×OÚbG�¾�×=D,:�E�9;D¼»;@�9;G·DFØ»;Ö
ùFD¼9;Ö�å�¸�Õ·D�»;Õ�9;D¼D ä Öf»YÖ�9HE,Õ/Ú���Dw<¼×=@·»;<QÕ�DFE\é,Õ�:=<QÕkG�DFD¼Ø¡»YÖKÙOD�DFG·DF9;¾f:=ùFD¼Ø¡:�GkÖ�9HØ�DF9,»YÖ®AC9;D¼D�»;Õ�D�E3»QÚf¾fD
ÚpìB:=E¼å10 
32�
4657
98�:;=<�:9>?:/5�
4�
���>@�A2CBD:9>�>�=<�:/����EF8�:9>��G�=:IH�
KJL:M��:9�1NO�P2A�Q=<�:IRSBT��	R�<�:9>
�PR�=EF8G�K	:9�VU á\Õ�×=ù Â :=E�»;Õ�D ä ÖfEH»�@·º�EH»;9;DnÚ ä ä Öb»YÖ�9¼èsÕ�Õ�×�ù í »;Õ�D ä ÖfEH»�Ø·Ö�é,G·EH»Y9HDnÚ ä åw¸�Õ·D�ºOÖ�EH:�»;:���D
Ø�:�9;DF<`»Y:�Ö�G ä Ö	��D¼E®»;Õ�Dk»YÚfÙ�×=D�@�ºså	¸¨é�Ö²»QÚfÙ�×�D ä Öf»;Ö�9;E ä Ö	��D�»YÕ�Dÿ»QÚfÙ�×�D�Õ�Ö�9;:�ùFÖ�Gt»YÚf×=×�¹�è�»Y9;ÚfG�EW�fDF9HE;D
»YÖ¬»;Õ�D%ÙODFÚ ä Ø·:=9;D¼<¼»;:=Ö�G7å?¸�Õ�D%@�º·EH»Y9HDnÚ ä ä Öf»;Ö�9�:�E4Õ�Õ�×yì Â ès»YÕ�D�Ø·Ö�é,G·EH»Y9HDnÚ ä ÖfG�D�Õ�Õ�×yì/ü¢è�ÚfG�Øª»YÕ·D
º-Ö�E;:�»Y:��fD¬Ø�:�9;DF<`»Y:�Ö�G ä Ö=�fDFE�»;Õ�D¬»QÚfÙ·×=D:�G�ÙOÖtÚb9;Ø7å�¸�Õ�D¼E;D ä Öb»YÖ�9�Ø�9;:���DF9HE%Úf9;D¬»�¹¢º�:�<nÚf×�×�¹�»Y@·9;G�D¼Ø Öbï"å
ßkÖ	�¢:=G�¾�»YÕ�D\»�é�Ö ä Öf»;Ö�9;E&:=G%»YÕ·D�EYÚ ä D\Ø�:=9HDF<`»Y:=ÖfGKº�9HÖ	�B:�Ø�DFE�Ú�»;9YÚfG�E$��D¼9;E;D4Õ·Ö�9;:�ùFÖ�Gt»QÚb×-Ø·:=E;º·×UÚf<¼D ä DFGt»nè

í



é,Õ�:�×=D ä Ö	�¢:=G�¾�»YÕ�D ä :=GÔÖ�º�º-Ö�E;:�»YD¡Ø·:=9;D¼<¼»;:=Ö�G�EK9;Öf»YÚb»YD¼E»YÕ·DÐ<QÕ/Ú ä Ù-DF9¬Úf9;Ö�@·G�ØÝÚ���D¼9H»;:=<nÚb×�ÚpìB:=EÖfA
9;Öb»QÚb»;:=Ö�G7å,¸�Õ�D¼E;Dw»�é�Ö ä Öf»YÖ�9HE\Úf×=×�Ö�é ACÖ�9½Õ·Ö�9;:�ùFÖ�Gt»QÚb×=×�¹ôÚf×=:�¾�G�:=G·¾�»YÕ�Dwê�9;EH»�<F93¹BE3»QÚf×5»YÕ�:�Gké�DFÙª:�Gk»YÕ·D
Ù-DnÚ ä ðÑü ñ òCE;D¼DwÚf×�E;ÖX ":�¾�å î�ó å
¸�Õ�DkÚf×=:�¾�G ä DFGt»�º�9HÖB<¼DFØ�@�9HDk<FÚfG ÙOD�Ø�Ö�G·Dÿé,:�»YÕ Ú�E3»QÚfG·Ø/Úf9;Ø Ã�ý&ÆZY/@�Ö�9HDFE;<¼DFGt»¬EH<F9HDFDFG	ÚfG�ØàÚ

�¢:=Ø�D¼Ö�<FÚ ä DF9YÚBè�ÚbA »YD¼9&EH×=:�»;»Y:�G�¾4Ø�Ödé,G%»YÕ�D,é,Õ�:�»;D,ÙODFÚ ä é,Õ�:�»YD�»YÕ�D½Å î â3übö�»YÖ�EYÚn¹Küfö�ö\[ ä Ùt¹Küföfö�[ ä å
þ�Gª»YÕ�D%Úb×=:=¾fG ä D¼Gt»�º�9HÖB<¼DFØ�@�9HD�Ø�DFEH<F9H:=Ù-DFØ�ÙOD¼×=Ödé?è�ÚfG�:=ÖfGÐ<QÕ/Ú ä Ù-DF94:�G�Úf:=9½é¨ÚfE4@·E;DFØså�Ã í äKä Ã�×
ê/×�»YDF9½é¨ÚfE4º·×UÚf<¼DFØª@�º�E3»Y9HDnÚ ä ÖfA2»YÕ�D�:�Ö�GÐ<QÕ/Ú ä ÙOD¼9�»YÖ ä Ú��fDw:�»YE�9;DFEHºOÖfG�E;D ä Ö�9;Dw×=:=G·DnÚf9¼å\ /Ö�9�×=Úf9;¾�D
:=ÖfG<QÕ/Ú ä ÙOD¼9¨<F@�9H9;D¼G�»;EFè·»;Õ�D�9HDFE;º-Ö�G�EHD�Ù-DF<FÖ ä D¼E¨G�Ö�GBâÓ×=:�G�DnÚf9¼è�E;Ö�ÚfG¬á½D�D¼GS�B:�9;Ö�G ä D¼G�»¨<nÚfGôÚb×=E;ÖwÕ�DF×�º
»YÖ%9HDFØ�@�<¼D�»;Õ�D?E;:�¾�G/Úf×7G·Ö�GBâ�×�:=G�DFÚf9;:�»�¹�å
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Miscut 0.12 degrees
b

White beam 12.79 keV, 200 x 200 microns white beam slits
c

µs°�,�e�¦fe � ��v~����vy�t������V�£QVQ]����d{R���tVed�]3x��©WY]���x���zd�B���tVQ��z�e � �tVfd�]3x��"WY]���x���zd����zdx©z�Z?vyx3WQ�t�5�d{Rzn[����t��¯�ey^X±
|tVQ�d]�VQVXxXe

¸�Õ�Dwê/9HEH»�EH»YD¼ºÐÖfA�»;Õ�D�Úb×=:=¾fG ä D¼Gt»½º·9;Ö¢<FDFØ·@�9;D�:=E½»;ÖÙ�9H:=G�¾%»YÕ·D ä Ö�G�Ö¢<QÕ�9;Ö ä Úb»;Ö�9\ÚfG�¾�×�D�»;ÖùFD¼9;Ö�è
ÚfG�Øÿ»YÕ�D¼GÐÚf×�:=¾�Gô:�»\º/Úf9YÚb×=×=D¼×O»;ÖK»YÕ·D�Ù-DnÚ ä åe ":=¾�å í EHÕ�Ödé,E�ÚKEH<nÚfGkÖfA�Õ·Õ�×�»,é,Õ�D¼Gk»YÕ·D�ê/9HEH»½<F93¹BE3»QÚf×5:=E
G�DFÚf9;×�¹ôÙ�:=EHDF<`»Y:=G·¾%»;Õ�D?ÙODFÚ ä å&¸�Õ·D�º-DnÚ��ÖB<¼<F@�9HE\é,Õ�D¼Gk»;Õ�D?<F9H¹¢E3»QÚf×�:=E,º/Úb9YÚf×�×=DF×-»YÖ�»YÕ·D ä Úf:=GôÙ-DnÚ ä å
¸�Õ�D�»�é�Ö%Ø�:�ïODF9HDFGt»,E;×�Ö�ºOD¼E,Úf9;D�<nÚf@�EHDFØÿÙt¹»YÕ·D�A Úf<¼»¨»;Õ/Úb»¨»;Õ�D�ê/9HEH»,<F93¹¢EH»QÚb×7<FD¼G�»;DF9,ÖfA59;Öb»QÚb»;:=Ö�G¬:�E¨Öfï
<FD¼Gt»YDF9HDFØ7å¸�Õ�DKE ä Úb×=×=D¼EH»4×�Dg�fDF9�Úf9 ä :�E Â å ítî :�G�<QÕ�D¼EFå®¸�Õ�D ä :=EH<F@·»�:�E?ö·å Â übõ�õ�Ø�DF¾f9;DFD¼EFå�Æ¢:=G�<¼D%»;Õ�:=E
×UÚbEH» ä DFÚfE;@·9;D ä DFGt»Fè-é�D�hi��D�:�G�EH»YÚf×=×�DFØÿÚ%G�D¼é�<¼9H¹¢EH»YÚf×5é,Õ·:=<QÕ¡Õ�ÚfE�ÚbG�Öf»YÕ·DF9j�fÚb×=@�D4ACÖ�9\:�»;E ä :=EH<F@·»\Ù�@B»
:�»;E�Ö�9;:�DFGt»QÚp»Y:=ÖfGôÕ/ÚfE,G�Öf»,Ù-DFD¼G¡<nÚb9;D¼AC@·×=×�¹K<QÕ/Úf9;Úf<¼»;DF9H:=ùFD¼Øk¹fD¼»nå

k½Öf»;DÿÚf×=EHÖ�»;Õ/Úb»®Ö�G�D�<FÚfGÔÚb×=:=¾fGë»YÕ�D ä ÖfG�Öªê/9;E3»K<¼9H¹¢EH»YÚf×,ùFD¼9;Ö�Ù�¹Û×�ÖBÖ��¢:�G�¾�Úb»�»;Õ�DkDXì¢»YDF9HG/Úf×�×�¹
9;DlY/DF<`»YD¼Ø¬ÙODFÚ ä AC9HÖ ä »;Õ�D\»;Ö�ºKÆB:RE;@�93A Úf<FDbè�:=G®þ�>½â�Ä�@�E;:�G�¾�Ú\m&Ãn#�o�ã¨Ú ä DF9;Ú4Ø�D¼»;DF<¼»;Ö�9Få&÷�Ù�EHDF9$�fÚp»Y:=ÖfG
ÖfA�»;Õ�D�9;DgY�DF<¼»;DFØªÙ-DnÚ ä :�E½×�: ä :�»;DFØ¬»YÕ·Ö�@�¾�Õÿ»YÖ¬ÚbÙOÖ�@B»�û äKä o î äqp Â å ü ä 9;ÚfØÿØ�@�D�»;ÖK»;Õ�D@røû ä®ä
Úfº-DF93»Y@�9HD�ÖfA�»YÕ�D4DXìB:�»�Ä�D�é,:=G�Ø�ÖdéÞØ�Ödé,G�E3»Y9;DFÚ ä ÖfA�»;Õ�D ä :=<F9HÖ ä Ö�G�Ö�è î ä Ø�Ödé,G�EH»;9;DnÚ ä ÖfA�»YÕ·D�ê/9;E3»
<F93¹¢EH»QÚb×�å
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12.78 keV white beam, 200 x200 micron white beam slit aperture
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Crystal @ 20 degrees, 12.78 keV white beam, 200 x 200 microns white beam slits .
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µs°-,�et¶fe � �yv~����v��t�½����V\�t�d]3v~£Q���b��zd�/}���x�v~��vy�����d{7���tVnd�]3x���WY]���x���zd� e

ÆB:=G·<FD»;Õ�Dê/9HEH»�<¼9H¹¢EH»YÚf×¨Õ/ÚfEwÙOD¼DFG�E;×�Öf»;»;DFØë»;ÖÐ9;D¼Ø�@�<FD¬»;Õ�D»;Õ�:=<���G�D¼E;E�ÖfA�»;Õ�D¬<F93¹¢EH»QÚb×�»YÖªöBå û í�î
ä®ä :=GÿÖ�9;Ø·DF9,»YÖ9HDFØ�@·<FD�»;Õ�D�ÚfÙ�E;Öf9;Ù-DFØ¡º-Ödé�D¼9FèRé,:�»;Õk»YÕ·D�ê/9HEH»½<F93¹BE3»QÚf×©Úb»½ÚKEH@��®<F:�DFGt»�×=Úf9;¾�D?ÚbG�¾�×=D
ò Õ·DF9;D�übö�Ø�DF¾�9HDFD¼E ó è/:�»�:=E�ºOÖfE;E;:�Ù�×=D½»YÖ ä DnÚfEH@�9;D?Úw»;9YÚfG�E ä :�E;EH:=Ö�G¬º-DnÚ��Ké,Õ�D¼Gÿ»;Õ�D4<F93¹BE3»QÚf×s:=E¨EH<nÚfG�G·DFØ
»Y9;ÚfG�E$��DF9HE;D¼×�¹�:�Gë»YÕ�DôÙ-DnÚ ä å� ":=¾�@·9;D î EHÕ�Ödé,E®»;Õ/Úb»�»;Õ�Dôº�9HDg�¢:=Ö�@·E�ùFDF9HÖªé¨ÚfE�Öbï$Ùt¹�ö·å�� äKä å�þ�G
»YÕ·D?AC@B»Y@�9HDfè�é�D�EHÕ�Ö�@�×�Ø¡Úf×�E;Ö�»;9H¹¬»;ÖK9HÖf»QÚb»;D�»YÕ�D?<QÕ/Ú ä ÙOD¼9�»YÖ ä Ú��fD?E;@�9HD�»;Õ�D?E;×�Öf»\ÚpìB:=E¨é�ÚfE½Úf×=:�¾�G�DFØ
×=ÖfG�¾�:�»;@�Ø�:�G/Úf×=×�¹�å©ÆB<FÚfG�G�:�G�¾KÕ·Õ�×�ì Â ÚfG�ØÿÕ�Õ�×yì/ü�:�GÿÖfº�ºOÖfE;:�»;D4Ø�:=9HDF<`»Y:=ÖfG�E¨é,:=×�×sØ�Ö�»YÕ·D?»;9;:�<��-å
¸�Õ�D,G�D`ì¢»2E3»YDFº�ACÖ�9©»YÕ�D,Úf×�:=¾�G ä D¼G�»©:=E©»YÖ ä Ö=�fD¨»YÖ�»;Õ�D¨é�Öf9���:=G�¾?Ä�9YÚf¾�¾�ÚfG�¾�×�D�ACÖ�9�Ú�¾�:���D¼G�DFG�D¼9;¾f¹få

 /Ö�9�9HD¼ACD¼9;DFG·<FDfè7»;Õ�D%ÆB:¨ò Â�ÂfÂ�ó ×=Úb»;»;:=<¼D�º/Úb9YÚ ä D¼»;DF9�:�E4übØ p û·å ü�� Â��Ãwås¸�Õ·DFGªÖ�G�DwG�DFD¼Ø�E�»YÖ�Úf×�:=¾�G�»YÕ·D
E;D¼<FÖ�G·Ø²<¼9H¹¢EH»YÚf×�»YÕ�D`»QÚ�Ùt¹Ð»�é�DFÚ���:=G�¾ô»;Õ�D%E;DF<¼Ö�G�Ø�<F93¹BE3»QÚf×2ÚbG�¾�×=Dwº·»YÕ7åw¸�Õ�D ä Ö�G·ÖB<QÕ�9HÖ ä Úb»Y:�<wÙ-DnÚ ä
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E;Õ·Ö�@�×=ØÿÙ-D�Ø�:�9;D¼<¼»Y×�¹ôÚfÙ-Ö	��D?»YÕ�D?é,Õ�:�»YD?ÙODFÚ ä E;Ö®:�A�ÚfGt¹�Õ�Ö�9H:=ùFÖfG�»YÚf×7ÖfïOE;D`»�:�E,º�9;D¼E;DFGt»FèO:�»,:=E,ºOÖfE;E;:�Ù�×=D
»YÖ ä Ö	��D%»YÕ�D%Ù-DnÚ ä Ùt¹Ð»�é�DnÚ��¢:�G�¾¡º-<QÕ�: å�¸�Õ�DKDFÚfE;:�DFE3»�é�Ún¹ª»YÖ�<QÕ�D¼<���ACÖf9?»;Õ�:=E4ÖbïsEHD¼»?é�Öf@�×=Ø�ÙOD�»;Ö
E;D`»�Ú"Y�@�Ö�9;D¼E;<¼DFGt»�E;<¼9;D¼DFGôÖ�G»;Õ�D�DXìB:�»&é,:=G�Ø�ÖdéÝÖfA7þ�>½â�ÄÔÚbG�Ø ä Ú��fD�Ú���D¼9H»;:=<nÚb×O9HD¼ACDF9HDFG�<¼D�×=:�G�D�é,Õ�DF9HD
»YÕ·D?é,Õ·:�»YD?Ù-DnÚ ä Õ�:�»;E�»YÖ®Úf×=:�¾�G»;Õ�D ä Ö�G·ÖB<QÕ�9HÖ ä Úb»Y:�<�ÙODFÚ ä å
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Se edge fluorescence at 12.652 keV
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Wed Dec 15 15:10:55 1999
�
µO°�,�etÎfe¨«fV�VX|��dV\WQzd�yv~[�]Hzn��v~���/e � �tV�VX|t�dV½vyx�zn�½^X±dÎd¶dÏ?VQ§½e

¸©Ö®<nÚb×=:=Ù·9YÚb»;D½»YÕ·D�D¼G�DF9H¾f¹�ÖfA�»YÕ·D ä Ö�G�Ö¢<QÕ�9HÖ ä Úp»YÖ�9¼è·þ2»�¹Bº·:=<nÚb×=×�¹K×=Ö¢Ö��KÚb»\Ú®ã�@¡ÚbÙ�E;Ö�9Hº·»Y:�Ö�G�DFØ�¾fD
Úb»�ú��S���®D¼Àwåy ":�¾�å-ûKEHÕ�Ödé,E�»YÕ�D�9;D¼º�9;Ö¢Ø�@�<¼:=Ù�:�×=:�»�¹¬ÖfA2ÚfGÐD¼G�DF9H¾f¹kE;<nÚbGÐÖfA�»;Õ�D ä Ö�G�Ö¢<QÕ�9;Ö ä Úb»;Ö�9�G�DnÚb9
»YÕ·D�ÆBD"�æDFØ·¾�Dfå¨¸�Õ·D�:�Ö�Gk<QÕ�Ú ä Ù-DF9,é¨ÚfE\º�×=Úf<FD¼ØÐÚbA »;DF9�»YÕ�D�EYÚ ä º�×�DfèRÚb»���ö%Ø�DF¾f9;DFD¼E½AC9HÖ ä »YÕ·D ä Úf:=G
Ù-DnÚ ä »YÖ�ÖfG�×�¹�Ø�D`»YDF<`»�»YÕ�DfY/@�Ö�9HDFE;<¼DFG�<¼D,E;:=¾fG/Úf×�å�¸�Õ�D�9HDFº�9HÖBØ·@�<F:�Ù�:=×�:�»�¹?Úb»©»YÕ�:�E�DFG·DF9;¾b¹�é�ÚfE�D`ìB<¼DF×=×�DFGt»nå
÷�@�9,º�9;Dl�¢:=Ö�@�E,<FÚf×=:�Ù�9YÚb»;:=Ö�G®é¨ÚbE½EH×=:=¾fÕ�»;×�¹KÖfïªÙt¹�Ú�ACD¼é D¼À�å

 /Ö�9&AC@B»Y@�9HD½9HD¼ACDF9HDFG�<¼DfèBþ�Úf×=EHÖ�9HDFº-Ö�9H»&»YÕ·D ä DnÚfEH@�9;D¼Ø6Y/@BìÚfE�Ú�AC@·G�<¼»;:=Ö�G®ÖfA7»;Õ�D ä Ö�G�Ö¢<QÕ�9HÖ ä Úp»YÖ�9
DFG·DF9;¾b¹ë:=G²¸"ÚbÙ�×=D¬þHþ?ÚfG�Ø� ":�¾�åC�BåÐ¸�Õ�D�Úb×=:=¾fG ä D¼Gt»�é�ÚfE�Ø·Ö�G�DACÖ�9�E;Dl��DF9;Úf×¨ê·ìBDFØ ä Ö�G�Ö¢<QÕ�9HÖ ä Úp»YÖ�9
DFG·DF9;¾b¹�åÃ¨»�DFÚf<QÕ�D¼G�DF9H¾f¹�è5»YÕ�D%@�G�Ø·@�×UÚb»;Ö�9?¾tÚfºªé�ÚfEwEH<nÚfG�G·DFØ²»;ÖkÖfº·»Y: ä :�ùFDw»;Õ�DXY�@BìOå�� 
4�:3=<A�K
:92A:M�=�P��>�R��P2A>�
4��=<�:��C2A�C�ABD��	
4�7>?<A
��AB����PBDJL�S��>/��:���
�2A:����=
�5 BT�G�=�4:�	
�>�57�PBTB��4�GH

4�/���=
�5 <AED��<�	
�BT
9J :92A:M�=�P��
�2�=<�:�<A�G��57
�2AE�RS>.��:9R��P�A>?:Z=<�:Z:K2AR�
¡��:M��>�<A�S8�:���:M:K2
R��PBTET�A�=��	:9����
4�6RSBD
�>�ET2A��U  /Ö�9&»YÕ�:�E ä DnÚfEH@�9;D ä D¼Gt»nè·»;Õ�D�é,Õ�:�»;D�Ù-DnÚ ä E;×�:�»YE&é�D¼9;D4Ö�º-DFG·DFØô»YÖ Â ä®ä
ÚfG�Ø�ö·åhû ä®ä :=G�»YÕ·DKÕ�Öf9;:=ù¼Ö�Gt»QÚf×2ÚbG�Ø¢�fDF93»Y:=<FÚf×2Ø�:=9HDF<`»Y:=ÖfG�9HDFEHºOD¼<¼»Y:���D¼×�¹�åô¸�Õ·DXY/@¢ì�:�E�Ú�A Úf<`»YÖ�9 Â ú��
×=D¼E;E�Úb» Â üBåhû�û.�fD`À »;Õ/ÚfG�:�»4é�ÚfEwÚp»wúBå ú�û.�bD¼À�å�Ãø»YÕ·DFÖ�9HD¼»Y:�<nÚf×�D¼EH»;: ä Úb»YD%:=E?Úb×=E;Ö�EHÕ�Ödé,GëG�D`ì¢»�»YÖ�:�»
Ù�@·»¨Ö�G�×�¹K<QÕ/ÚfG·¾�DFE�Ùt¹ôÚwA Úb<¼»YÖf9�üBå Â Ö	��DF9¨»;Õ�D�AC@�×�×sD¼G�DF9H¾f¹¬9;ÚfG�¾�DbèB»YÕ�@�E¨é�D?Úf9HD�D¼ïODF<`»Y:��fDF×�¹¬×=Ö¢Ö�EH:=G�¾wÚ
A Úf<`»YÖ�9&ú���:=G®Ö�@�9�Úf×=:�¾�G ä DFGt»nåC ":=¾·å9�?EHÕ�Ödé,E�»YÕ�D ä DnÚfEH@�9;D¼Ø�Y/@Bì®Ö�G®»YÕ�D\ê/9;E3»¨ÚbG�ØK»;Õ�:=9HØKÕ/Úb9 ä Ö�G�:=<¼EFè
ÚfG�Ø�<¼Ö ä º�Úf9;D¼E�:�»�»;Ö¬»YÕ�D�<FÚf×=<¼@�×UÚp»YDFØ/Y�@BìÐACÖ�9�G p Â ÚfG�Ø�G p í å�¸�Õ�D%<FÚf×=<¼@�×UÚb»;:=Ö�Gk:=G�<¼×=@�Ø·DFØÐ»YÕ·D
»Y9;ÚfG�E ä :�E;E;:�Ö�G�ÖfAR»YÕ·D\<¼Ö ä®ä :�E;E;:�Ö�G�:�G�¾½é,:�G�Ø�Ödé?è�ÚfG�Ø%õ�Ä�D¨é,:=G·Ø�Ödé,EFå�¸�Õ�D,<nÚb×=<F@·×UÚb»;DFØ�DFG·DF9;¾b¹�é,Õ�DF9HD
:�»�é�Ö�@�×�Ø�ÙOD?Õ�D¼×=º·AC@�×O»YÖ ä Ö	��D4»;Ö%»;Õ�D4»YÕ�:�9;Ø�Õ/Úf9 ä ÖfG�:=<¼E¨:=E Â�Â �bD¼À�å
¸�Õ�D ä DnÚfEH@�9;D¼Ø7Y/@Bì�é�ÚfE�Ú�A Úf<¼»;Ö�9�ü¢å î Õ�:=¾�Õ·DF9�Ö�G�»YÕ·DK»YÕ·:=9;Ø�Õ/Úf9 ä ÖfG�:=<¼E�»;Õ/ÚfGë:�»�é�ÚfE�ÖfG²»YÕ·D

AC@�G�Ø�Ú ä D¼Gt»QÚf×4Úp» Â üBåhû î ú3�bD¼À�å\Æ¢:=G�<¼DÐ»YÕ�Dªº-Ödé�D¼9ÿ×�ÖtÚfØ$:�G�<F9HDnÚfEHDFØÝE;@�Ù·EH»QÚbG�»;:UÚf×�×�¹ÔÚb»�<F×�Ö�E;D¼ØÝ¾tÚfº7è
»YÕ·DK:�G�»;DF9$�fÚb×&Ù-D¼»�é�DFD¼G�ê/×�×=E?ÖfA�»;Õ�D<¼9H¹fÖB<¼ÖBÖ�×�DF9�>�D¼é�Úf9?é¨ÚbEw9;D¼Ø�@�<¼DFØ�AC9HÖ ä Úfº�º·9;ÖnìB: ä Úb»YD¼×�¹ªõ�»YÖÐü
Õ�Ö�@·9;EFå¸�Õ�DÅ�@�<¼DFGt»�¾f9;Ö�@�º�ACÖ�@�G·Ø²»YÕ�Úb»�Ø�@�9;:�G�¾�»YÕ�D®<F93¹�Ö¢<FÖ¢Ö�×=D¼9?ê�×=×"é,Õ�:�<QÕ�×=ÚfEH»;Ewüböpâ3ü î ä :=G�@·»;DFEFè
»YÕ·D4ÙODFÚ ä :�Gt»YDFG·E;:�»�¹<QÕ/ÚfG�¾fDFØ�E;@�Ù·EH»QÚbG�»;:UÚf×�×�¹få�¸�Õ�@�E�»YÕ�D?Ú��bÚf:=×=ÚfÙ�:�×=:�»�¹wÖfA5EH»YÚfÙ�×=D�ÙODFÚ ä é�ÚfE�9;D¼Ø�@�<¼DFØ

û



E;@·Ù�EH»YÚfGt»Y:UÚb×=×�¹Ùt¹ô¾�Ö�:�G�¾�»YÖ�»YÕ·D?»;Õ�:=9HØ�Õ/Úf9 ä Ö�G�:�<FE¼å

Ç ]3zn�d��zd�t���~V �®���t��È©�tVQ]��d� É��¢|����yzn���d]2È©�tVQ]��d� µ7�y��¥ � zd�yWQ���yzn��VX|�¤B��¥   zn��v~�
|�VQ�d]�VQV �dVQ§ �dVQ§ }¢�K£FxW£f^Q¯d¯�Z � }¢�K£FxW£f^Q¯d¯?Z �
^X±feÑÏdcdc ÏfeÑÏd¶�_ cfeÑ±d¶ ¦feÑ¦FÌ�È&^X± ^neÑÏFÌ�È&^X¦ ¶feÑ¶
^d^ne´Ìp¶ ^Q¯�eË¯ ^Q¯�e´Ìp¶ ^neÑÏd¶nÈ&^X± ^neÑÏd±nÈ&^X¦ cfeÑÏ
^Q¯�eÑ¦d¶ ^d^neË¯ ^d^neÑÏd¶ _beÑ¶�^QÈ&^d^ ^neÑ¶dÏnÈ&^X¦ ±�^
cfe´ÌpÏ ^X±feË¯ ^X±feÑcd¶ cfeÑ¦d¶nÈ&^Q¯ ^neÑ±dÎnÈ&^X¦ ^X¦d¶
ÏfeÑcdÏdÎ ^X±feÑÎd¶dÏ ^X±feÑÏd± ^neh_d_FÈ&^Q¯ Ïfeh_FÈ&^X± Ìpcd±
�s��Ç �OÈ�°�°;e¨�®VXzdx��t]3VX|Z?���t�fWH�t]���Z?zn��v�W½¤B��¥®vy�zw¯�eÑÎwZ?Z S=³dVQ]���v�WQzd��g&[b�ÿ^�Z?Z SU�t�d]3vy£Q���p��zd��g&[�VXzdZ

zn�½±dÎfeÑ¶KZ�e � ���tVQ�d]�VQ��vyWQzd�5VXx���vyZ?zn��Vwvyx�zd�yx��Kx��t�`���ô{��d]½z%Z4���t��W3�t]3��Z?zn��vyW4[�VXzdZ¤dB�~��VQ]�VX|¬[f�����V�WY��Z �
Z?vyx3x�v~����vy���,�&vy��|��`�ëzd��|�Ì�[·VXzdZ��yvy�tV Ç V���vy��|t�¼�&xQe � �tV¥d¢�~��VQ]3v��t�½�tVQ]3V�]�VX|¢��WYVXx����tV¨VX�tVQ]��d�w|tVQ}�VX��|tVX��WYV
�d{5����V½�����¢vy�t��WQ��]�³dV%S=�&��vyWH�®³nzn]3v~VXx�[f�®zw{=zdWY���d]��d{�Î��¼³dVQ]����tV�VX�tVQ]��d�%]Hzd�t�dV¼gHa/[�VXWQzd��x�V��d{����tV��&vy�¢|t�`�
zn[¢x��d]3}���v~����zn���~�¼�©VQ]�VX�tVQ]���vyVXxQe � �tV2]Hzn��v~�½�d{/����V�WQzd�yWQ�¢�yzn��VX|�¤B��¥?�`³dVQ]����tV¨Z4VXzdx��t]3VX|�¤¢�t¥4v�x5zd�yx���x��t�¼�&�/e
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Measured flux n = 1
¨
Measured flux n=3
Theory, n=1 and n=3
©

APS current parameters (100 mA, 1% coupling, Hor. emit. 8.1 nm−rad)
ª

µs°-,�e�_be � ��Z?}¢zn]3vyx������d{7Z4VXzdx���]�VX|ÿSUx�«f��zn]�V¼g�zd�¢|�}�]�VX|�v�WY��VX|�¤¢��¥¬SUWQvy]3WQ�~VXxHgHe

ÆB:=G·<FD�»YÕ�D¼E;D%G�Öf»;DFE4é�DF9;D%é,9;:�»;»;DFG�×UÚfE3»�>�DF<¼D ä Ù-DF9¼è�é�D�hi��D®<nÚb9;D¼AC@·×=×�¹¡9;DFÚf×=:�¾�G�DFØÐ»;Õ�D ä ÖfG�ÖB<QÕ·9;Öbâ
ä Úb»YÖ�92:�GDnÚb9;×�¹KßkÚd¹üföfö�ö·å¬²D½ACÖ�@·G�Ø»YÕ�Úb»�»;Õ�D�×=Úf9;¾fD\EH×=:�Ø�D½ÖbA7»YÕ�D ä ÖfG�Ö�é�ÚfE Â å û�Ø�DF¾�9HDFD½ÖfïkAC9HÖ ä
»YÕ·D�Õ�Ö�9H:=ùFÖfG�»YÚf×Oé,Õ·DFG¬»YÕ·D�ê/9;E3»�<F93¹BE3»QÚf×Oé¨ÚfE�Õ·Ö�9;:�ùFÖ�Gt»QÚb×�å"þÓ»¨E;DFD ä D¼ØÿÚb»�»;Õ�D�»Y: ä D,»YÕ/Úp»¨»YÕ�D`¹EHÕ�Ö�@�×�Ø
Ù-D�º/Úb9YÚf×�×=DF×�Úp»�Úb×=×�ÚfG�¾f×=DFE\:=G·<F×=@·Ø�:=G�¾%ù¼DF9;Ö·èOEHÖKé�Dw9;DFÚf×=:�¾�G�D¼Øÿ»;Õ�D�ê/9HEH»½<F93¹BE3»QÚf×�é,:�»;Õ¡9HDFE;º-DF<`»�»;ÖK»YÕ·D
E;×�:=Ø�Dbå%Ã½A »YD¼9�»;Õ�DFEHDK<QÕ�ÚfG�¾�D¼EFè©»;Õ�D%ê/9;E3»wÚbG�Ø�EHDF<FÖfG�Ø�<¼9H¹¢EH»YÚf×2Õ/ÚfØ²»;Ö�ÙOD ä Ö	�fDFØ�Ø·Ö�é,G î ä®ä ÚbG�Ø
»YÕ·D?»YÚfGG�¬@·º î ä®ä å
¸"ÚbÙ�×=D%þ;þHþ�EHÕ�Ödé,E�»;Õ�D%9;DFEH@�×�»;E�ÖbA¨Úô9;Öf@�¾�Õ�<nÚf×�:=Ù�9;Úb»Y:�Ö�GÐÖfA�»YÕ�D ä Ö�G�Ö¢<QÕ�9;Ö ä Úb»;Ö�94Úb»4»;Õ�D%DFG�Ø²ÖfA
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